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THE  USE  OF  SEROLOCICAL-IMMUNOBIOLOGICAL 
METHODS  IN  THE  DIAGNOSIS  OF  TYPHOID  CARRIERSHIP 


/Following  is  a  translation  from  Slovak  of  an  article  by 
J.  Karol^ek,  I.  Odier,  M.  Dralkkovicova,  D.  Luzova,  from 
the  Institute  of  Epidemiology  and  Microbiology  in  Bratislava. 
Published  in  the  £asopis  Epidemlologle .  mikrobiologie  a 
lmmunologie  (Journal  of  Epidemiology,  Microbiology,  Immunology), 
XII-4-1963,  pp.  215-219^./ 


In  the  present  communication  we  are  attempting  to  add  to  our  previous 
knowledge  achieved  in  the  immuno-biologtcal  study  of  the  typhoid  carriership, 
in  which  we  determined  significantly  increased  values  for  the  indicators  of 
specific  phagocytic  activity  (PA)  of  blood  (so-called  phagocytic  index-PI) 
and  significantly  lower  values  of  indicators  of  specific  batericidal  activity 
of  serum  against  S.typhi  in  vitro  (so-called  batericidal  index-BI)  in  typhoid 
carriers  as  compared  to  non-carriers  with  Cyphoid  anamnesis  and  with  persona 
without  any  typhoid  anamnesis  (Karolcek  ec  al . ,  1,  2). 

On  the  basis  of  chese  results  we  pointed  to  the  possibility  of  utiliz¬ 
ing  the  determination  of  specific  PI  of  the  blood  and  specific  BI  of  the  serum 
in  the  diagnosis  of  cyphoid  ceriiership. 

The  material  which  follows  illustrates  this  possibility  and  points  to 
its  significance.  At  the  same  time  we  are  presenting  the  methodical  approach 
to  these  determinations. 


Materials  and  Methods 


Results  of  determinations  of  the  specific  phagocytic  activity  were  ob¬ 
tained  from  83  culturally  proven  carriers  and  from  126  non-carriers  with 
cyphoid  anamnesis,  in  both  cases  more  than  one  year  following  their  recovery 
from  Illness.  In  addition,  samples  were  taken  from  218  persons  wichout  a 
proven  typhoid  anamnesis  and  not  inoculated  against  typhoid. 

Results  of  the  determination  of  the  specific  BA  were  obtained  from  193 
carriers,  144  non-carriers  with  a  typhoid  anamnesis  (same  time  since  recovery 
as  above)  and  174  persons  without  a  proven  typhoid  anamnesis  and  nit  inoculated 
against  typhoid. 


£ 


In  the  carriers  che  presence  of  Vi  antibodies  was  likewise  determined. 
The  persons  investigated  came  partly  from  Bratislava  ana  other  sectors  of 
Western  Slovakia,  and  partly  from  other  seccors  of  Slovakia.  All  the  persons 
were  adults  (18  years  and  up). 

In  determining  the  specific  PA  of  the  blood  we  use  Che  following 

method: 


Into  a  test  cube  of  10  mm  diameter,  which  had  been  coated  with  a  thin 
film  of  paraffin,  we  place  0.1  ml  of  the  bacterial  suspension  in  a  3.87,  solu¬ 
tion  ot  sodium  citrate,  ‘xne  oaoterial  suspension  has  the  density  of  1  billion/ml 
of  a  24-hr.  agar  culture  of  a  standard  strain  of  Salmonella  typhl  (Ty2) .  The 
density  of  Che  suspension  is  determined  either  using  standard  opacities 
(Wellcome),  or  by  measuring  in  a  spectrophotometer  at  a  wave-length  of  465 
(Coleman)  or  sometimes  on  another  instrument.  0.1  ml  of  che  blood  being 
tested  is  added  to  the  0.1  of  the  bacterial  suspension  and  after  mixing  Is 
placed  in  a  water  bath  ac  37°C,  where  it  incubates  for  half  an  hour.  During 
this  time  it  la  thoroughly  mixed  by  shaking  every  S  minutes.  After  thet  a 
smear  is  prepared  on  a  slide,  which  is  then  stained  with  Giemsa.  The  individual 
phagocyted  bacteria  are  then  counted  In  50  leucocytes.  This  number  prorated  to 
one  leucocyte  gives  the  PI  value. 

Blood  for  this  determination  is  collected  in  the  morning,  fasting. 

In  determining  the  specific  BA  of  the  blood  we  use  a  slight  modification 
of  the  method  of  Pillemer  et  al . ,  (5)  which  then  appears  sb  follows: 

To  a  standard  amount  (0.4  ml)  of  native  serum  (fresh  or  stored  at  the 
temperatures  of  -40  to  -70UC)  we  add  0.1  ml  of  the  bacterial  suspension  from 
a  20-hour  agar  culture  of  a  standard  strain  of  Salmonella  typhi  (Ty2)  in  a 
physiological  saline  solution  at  pH  7-2  with  the  addition  of  MgCl,  6  H.,0,  up 
to  the  concentration  of  0.06'1.  The  density  of  the  bacterial  suspension 
which  was  used  equaled  200  million  bacterial  units  per  ml. 


Table  1 

Values  of  specific  PI  in  typhoid  carriers  compared  with  persons  with 
a  typhoid  anamnesis  and  persons  without  a  typhoid  anamnesis 

Group  being  investigated 

Humber  of  people 

Arithmetic  average 
and  median  error  in 
average  PI  values 

Carriers  of  Bacilli 

83 

1.25  -  0.10 

Persons  with  a  typhoid  anamnesis 

126 

0.12  -  0.02 

Persons  without  a  typhoid  anamnesis 

218 

0.06  -  0.01 

After  agitating,  the  mixture  is  incubated  in  a  water  bath  at  37°C  for 
2  hours.  After  that  the  mixture  is  cooled  at  0°C  (this  serves  to  end  the 
~Vac ceric idal  action)and  diluted  serially,  always  fivefold.  Samples  of  0.1  ml 
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of  individual  dilutions  are  Inoculated  Into  a  Petri  dish  of  agar  which  had 
been  dissolved  and  cooled  at  45°C.  After  incubation  for  48  houra  at  37°C 
we  count  the  number  of  colonies  appearing  in  the  smallest  dilution,  where  it 
is  still  possible  to  count  them  well. 

The  degree  of  bactericidal  activity  is  expressed  by  means  of  the 
bactericidal  index  (Bl)  which  is  equal  to  the  logarithmic  ratio  of  the 
initial  count  (P)  of  live  organisms  (control  suspension  without  serum)  to 
the  final  count  (K)  of  live  organisms  (suspension  with  serum)  after  an  appro¬ 
priate  recount  of  the  dilution  -  BI«  log  P_ 

K 

In  determining  VI  antibodies  we  use  the  hemagglutination  test  of  Spaun  (4)  , 

which  had  been  some  time  ago  tested  and  reported  in  our  country  by  MatJjovaka 
(3). 

Results 

Table  1  shows  average  values  of  specific  PI  in  typhoid  carriers 
compared  to  persons  with  a  typhoid  anamnesis  and  without  a  typhoid  anamnesis. 
The  value  in  typhoid  carriers  is  seen  to  be  significantly  higher  than  the 
value  In  the  two  further  groups  (p«£0.001). 

Table  2  shows  the  distribution  of  the  PI  values  according  to  cheir 
height  in  individual  groups  of  people. 

We  see  that  out  of  .he  total  number  of  83  carriers  we  find  no  examples 
with  a  zero  value  of  PI,  about  one-quarter  of  persons  have  a  lowest  value  of 
0.5,  one-quarter  highest  value  of  0.5,  but  lowest  of  1.0,  and  about  half  of 
persons  investigated  have  an  PI  value  higher  than  1.0. 

Table  2 


Distribution  of  values  of  specific  PI  in  typhoid  carriers  compared  to  persons 
with  typhoid  anamnesis  and  persons  without  a  typhoid  anamnesis 


Group  being  investigated 


Examples  with  PI  value 
Humber  of  less  than  from  higher 
persons  0  0.5  0.5~1«0  than  1.0 


Carriers  of  bacilli 
Persons  with  typhoid  anamnesis 


126  27 


Persons  without  a  typhoid  anamnesis  218  73  133 


:jjiE!W:  . . . . -  "" " i"'r*" 


Table  3 


Values  of  BI  of  serum  in  relation  to  S.typhi  in  typhoid  carriers  compared 
to  persons  vich  a  typhoid  anamnesis  and  persons  without  a  typhoid  anamnesis 


Group  being  investigated 


Number  of 
parsons 


Arithmetic  average  and 
median  error  of  average 
values  of  BI 


Carriers  of  Bacilli 


1.25  t  0.08 


Persons  with  a  typhoid  anamnesis 


3.01  -  0.06 


Parsons  without  a  typhoid  anamnesis 


2.03  -  0.07 


Contrary  to  tnls ,  among  non-carriers  with  a  typhoid  anamnesis  one  finds 
Che  larger  proportion  of  cases  with  values  of  zero  and  less  chan  0.5.  and  only 
7  cases  out  of  126  showed  a  value  higher  than  0.5,  but  lower  chan  1.0. 

Similarly  in  persons  without  a  typhoid  anamnesis,  where  only  in  6  cases 
out  of  218  does  one  find  values  of  PI  higher  than  0.5. 

When  we  combine  the  examples  of  non-carriers,  we  see  chat  among  344 
persons  cases  where  PI  was  higher  than  0.5  occurred  only  11  rimes,  which 
represents  3.2%, 

Table  3  shows  average  values  of  BI  serum  in  typhoid  carriers  as  compared 
with  persons  with  a  typhoid  anamnesis  and  persons  without  a  typhoid  anamnesis. 
The  BI  value  in  carriers  was  determined  to  he  significantly  lower  than  the 
tame  value  in  both  of  further  groups  of  persons  (p<  0.001) 

In  Ta'le  4  we  see  the  distribution  of  the  values  of  BI  serum  according 
to  their  height  in  individual  groups  of  persons. 

Out  of  193  typhoid  carriers  a  little  more  than  half  of  the  cases 
showed  values  of  BI  higher  chan  1 ,  about  a  quarter  of  the  cases  values  less 
than  1,  and  a  little  more  chan  quarter  showed  zero  values  of  BI. 

Contrary  to  this ,  il+lt  non -carriers  with  a  typhoid  anamnesis  we  found 

practically  no  examples  with  a  BI  value  lower  than  1  and  in  17^  persons  without 
a  typhoid  anamnesis  only  a  small  part  showed  such  values  and  there  was  no 
case  recorded  in  which  the  BI  value  was  zero. 


Follow-up  on  titers  of  Vi  antibodies  in  typhoid  carriers  showed  th*' 
out  of  84  persons  investigated  in  12  cases  the  titer  was  lower  than  1:10, 
that  is  in  about  14%  (out  of  chese  in  3  cases  no  Vi  antibodies  were  founu), 
in  20  cases  the  titer  vsa  1:16,  in  r raining  case.  1  was  highar  (up  to 
1:128). 


Table  4 


Distribution  of  values  of  BI  serum  against 
compared  to  persons  with  typhoid  anamnesis 

anamnesis 

S.typhi  in 
and  persons 

typhoid  carriers 
without  a  typhoid 

Examples  wich  BI 

values 

Group  being  investigated 

Number  of 
persons 

0 

less 

then 

0.5 

from 

0. 5-1.0 

higher 

than 

1.0 

Carriers  of  Bacilli 

193 

50 

26 

18 

99 

Persons  with  a  typhoid  anamnesis 

144 

0 

0 

0 

144 

Persons  without  a  typhoid  anamnesis 

174 

0 

4 

20 

150 

Discussion  and  Conclusions 


When  we  compare  the  findings  of  the  values  of  specific  PI  in  groups  of 
persons  without  carriership  and  tho3e  of  carriers  we  see  that  in  the  first 
group  PI  values  higher  than  0.5  occur  seldom  and  values  higher  than  1  are 
practically  unknown.  From  this  one  can  judge  that  PI  values  higher  than  0.5, 
and  especially  values  higher  than  1.0,  testify  to  the  considerable  probability 
of  carriership,  while  caking  into  consideration  such  reservations  a5  are 
necessary  in  valuation  of  the  VI  antibody  findings.  Thus  one  may  hypothesize 
chat  an  Increase  of  a  specific  PI  may  indicate  a  presence  in  the  organism  (parti¬ 
cularly  in  the  digestive  tract)  of  bacteria  with  an  antigenic  structure  related 
to  S.cyphi;  further  it  could  mean  that  there  had  been  a  recent  contact  with  a 
typhoid  infection  in  the  form  of  an  abortive  or  inapparent  infection,  inocula¬ 
tion  against  typhoid,  etc.  In  a  certain  number  of  cases  where  increaseo  Pi 
values  are  found  it  is  necessary  to  consider  the  possibility  of  a  hidden  Lyphoid 
carriership. 

On  the  other  hand,  one  should  emphasize  that  low  values  of  specific 
PI  in  no  way  eliminate  possibility  of  carriership. 

The  fact  that  we  were  able  to  determine  the  frequency  of  occurrence  of 
higher  values  of  PI  in  non-carriers,  an',  low  values  in  carriers  should  not  in 
any  way  be  considered  conclusive  because  of  the  small  number  of  investigations 
(especially  among  carriers).  One  must  also  remember  the  fact  that  in  an 
endemic  terrain  the  occurrence  of  higher  values  would  be  more  frequent  than 
In  a  region  with  a  low  occurrence  of  the  infection. 

What  we  can  conclude  afeer  considering  the  resvlts  of  investigations  of 
specific  BA  sera  is  that  the  finding  of  BI  values  lower  than  0.5,  and 
especially  where  its  values  were  zero,  and  also  values  lower  than  1.0  in 
persons  with  a  proven  typhoid  anamnesis,  testifies  to  the  considerable  probability 
of  carriership.  At  the  same  time,  of  course,  higher  values  of  BI  do  not  mean 
chat  carriership  can  be  eliminated. 
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It  Is  obvious  that  here  the  above  mentioned  numerical  boundaries 
cannot  be  taken  mechanically  and  In  evaluating  a  finding  one  must  apply  among 
others  the  above  mentioned  criteria. 

It  remains  for  ua  to  note  how  we  could  facilitate  the  investigation  of 
specific  PI  and  BX  in  the  diagnosis  of  individual  cases,  particularly  in  cases 
where  we  determine  insufficiently  definitive  titers  of  Vi  antibodies. 

As  we  already  mentioned  above,  we  found  in  12  cases  out  of  84 
examined  carriers  the  VI  antibody  titer  to  be  lower  than  1:10  and  in  20  cases 
the  titer  to  be  1:16 

In  the  first  12  cases  we  were  able  to  confirm  the  diagnosis  of 
carriershlp  with  che  help  of  determination  of  PI,  and  in  7  cases  with  the  help 
of  determination  of  BI. 

We  were  able  to  confirm  the  diagnosis  in  15  out  of  20  cases  with  a 
moderately  low  titer  of  VI  antibodies. 

These  possibilities  can  be  explained  on  the  basis  of  a  fact  repeatedly 
determined  by  us,  that  there  is  no  quantitative  correlation  between  values  of 
PI  and  BI  on  the  one  hand  and  titers  of  specific  agglutination  antibodies 
(not  only  Vi,  but  also  0  and  H)  on  the  other  hand.  This  means  chat  given  low 
titers  of  antibodies  we  might  find  high  values  of  PI,  and  either  high  or  low 
values  of  BI. 

We  think  that  the  aid  for  the  diagnosis  of  carriershlp  which  we  have 
demonstrated  above  does  not  lack  in  signiiicance.  Ac  che  same  time  we  roust 
not  forgec  chat  all  indlrecc  diagnostic  methods  have  only  a  relative  value 
and  that  che  best  and  safest  proof  of  carriershlp  still  remains  a  finding  of 
a  positive  culture. 

Authors  wish  to  thank  additional  colleagues  who  cook  part  in  this  worn, 
M.  Dohanova  and  0.  Novakova. 

They  wish  to  thank  M.  Hodalova  for  the  statistical  evaluation  of  this 
macerlal. 

Summary 

i 

This  report  ties  in  with  -rt*  previous  findings  of  the  authors,  which 
were  obtained  in  immunological  study, of  typhoid  carriers.  In  this  study  they 
found  significantly  higher  values,  ot  indicators  of  specific  phagocytic 
activity  of  the  blood  (so-called  'phagocytic  index-PI)  and  significantly  lower 
values  of  Che  indicators  of  bactericidal  activity  of  che  cera  (BA)  coward 
S.cyphl  in  vitro  (so-called  bactericidal  index-BI)  in  typhoid  carriers  as 
compared  to  non-carriers  with  a  typhoid  anamnesis  and  persons  without  a 
typhoid  anamnesis. 

On  che  basis  of  chese  findings  and  of  further  analysis  of  the  material 
the  authors  recoevsend  the  use  of  determination  of  specific  PI,,  as  well  as  BI  as 
helpful  tests  in  the  diagnosis  of  typhoid  carriershlp,  following  the  agglutina¬ 
tion  tests  for  Vi,  as  well  as  hemagglutination  test  for  VI.  They  particularly 
recommend  their  use  in  cases  where  the  Vi  agglutination  titer'  is  inconclusive. 


-  6  - 


Bibliography 


1.  Karolcek,  J.,  Odler,  I.,  Bratlal.  lek,  Llsty  (Bratislava  Madical  Report#) 

XXXVI/I,  8,  449,  1956. 

+  V  y  f  s/ 

2.  Karolcek,  J.,  Draskovicova ,  M. ,  Odler,  I.,  Cg.  Epldem.  (Journal  of 

Epidemiology)  8,  2,  103,  1959 

V  /  ^ 

3.  Macejovaka,  D. ,  Cs.  Hyg.  Epidem.  Mikroblol.  (Journal  of  Hygiene, 

Epidemiology  and  Microbiology)  1,  64-66,  1952. 

4.  Spaun,  J.,  Acta  pathol,  mlcroblol.  scand.  28,  716,  1951. 


5.  Wardlaw,  A.C. ,  Pillemer,  J.,  J.  experlm  Med.  103,  5,  553,  1956. 


received  Dec.  12,  1962 


J.K.,  Bratislava, ^Sas^nkova  Street 


i 


-  7  - 


